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Dichalcogenido-imidodiphosphinates [N(PR2E)
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Introduction
Chalcogen for the production of thin semiconducting films of binary metal selenides, e.g. MSe (M = Zn, Cd, Hg), M2Se3 (M = Ga, In, Bi) and PbSe, by using LP-(low-pressure) or AA-(aerosol-assisted) CVD (chemical vapor deposition) techniques. 3 The solvothermal generation of CdSe quantum dots has also been accomplished. 4 In addition to the synthetic challenge of making analogous Te-containing ligands that might display novel chemistry, the prospect of generating novel single-source precursors to metal tellurides excited our interest in this field.
Synthesis
The neutral precursors HN(PR2E)2 (E = S, Se; R = Ph, or as the spirocyclic contact ion pair (CIP) 5a ′ . 9 The disulfide 4c (E = E′ = S; R = i Pr)
could not be obtained owing to hydrogen-abstraction reactions. 9 The availability of the mixed chalcogen anions in 2b and 2c provoked the interesting question -which chalcogen-chalcogen bond will be formed preferentially upon one-electron oxidation, E-E, Te-Te or E-Te? Although the oxidation of 2b and 2c with I2 does not proceed cleanly, one-electron reduction of the corresponding cations [N(P i Pr2Te)(P i Pr2E)] + (6c, E = Se;
6d, E = S) with cobaltocene produces the ditellurides 4d and 4e; in both cases the dimer with a central Te-Te bond is formed exclusively.
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The structures of the DCs 4a, 4b, 4b′, 4c′, 4d and 4e all exhibit elongated chalcogen-chalcogen bonds. [N(P t Bu2S)2]I3 is an ion-separated monomer with a triiodide counterion. 9 In the mixed chalcogen systems 6c and 6d the iodide counterion interacts preferentially with the tellurium center.
11 The Te-I interaction is much stronger with the mixed chalcogen cations (6c and 6d) than that in the ditellurido cation (6a) to the extent that the former are essentially monomeric in the solid state.
Simple electron-counting rules predict that the cyclic cations [N(PR2E)2] + are 6 π-electron systems. DFT calculations confirm this prediction, but reveal that the net π-bond order within the five-membered ring is close to zero. The three highest occupied orbitals are indeed π-type orbitals ( Figure 3 ). However, the bonding effect of the E-E π-bonding orbital (HOMO−2) is essentially cancelled by the double occupation of the HOMO, which is the E-E π * -antibonding orbital. The third occupied π-orbital (HOMO−1) is a primarily non-bonding nitrogen-centered orbital.
The stronger iodide-chalcogen interaction in the mixed chalcogen salts 6c and 6d
produces a more pronounced elongation of the chalcogen-chalcogen bonds in the cyclic cations (6c, 8 %; 6d, 12 %) 11 than that observed for the Te-Te bond in 6a (4 %). Se (7.6 %) and 125 Te (7.0 %). The strongly reducing nature of the ditellurido anions [N(PR2Te)2] − is evident in the reaction of 2a with gold(I) chloride, which rapidly produces a gold mirror. 24 We found that this process can be prevented by the addition of a two-electron donor prior to the metathesis. Thus, the reaction of 2a with AuCl in the presence of triphenylphosphine, produces the monomeric complex Au(PPh3)[N(P i Pr2Te)2] (24). 24 Intriguingly, the use of . 33 In all these examples thermolysis produced thin films of metal tellurides that were contaminated with small amounts of carbon and/or the metal.
Complexes of [TeP
More recently, an isopropylgermanium tellurolate has been used to generate GeTe thin films by using CVD techniques. 34 An evaluation of the suitability of the homoleptic ditelluridoimidodiphosphinate complexes of group 11, 12, 14 and 15, as well as the group 13 complexes 23a,b, as single-source precursors for metal tellurides using the AACVD technique has been carried out in collaboration with O'Brien and co-workers. 35 The results are summarized in Table 1 for E = S. 39 The reason for the preferential formation of the heavier chalcogenide from these SSPs has not been established.
Conclusions
In However, preliminary investigations presage that significantly different chemistry will be observed for the phenyl-substituted analogues. 
